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ABSTRACT
Interpretation of geopotential data using inverse 
spectral modeling techniques eliminates the ambiguous 
results produced by the standard forward-modeling approach. 
However, applying the spectral modeling procedures by hand 
is time-consuming and lacks precision.
This study expands on current spectral analysis 
techniques by adding least-squares statistical rigor to 
the fitting of the chosen model. Automating the model 
fitting procedure allows an investigator to examine quickly 
many overlapping sections (windows) of mapped data. 
Successive overlapping of neighboring windows suggests a 
correlation between the ensemble-average depth solutions 
unique to each window is possible.
This technique was shown to be especially useful in 
Louisiana and west Mississippi, where the thick sedimentary 
cover and relatively smooth anomalous geopotential fields 
insure correlation between successive windows. The 
correlated depth solutions appear to correspond well with 
horizons located by seismic refraction and inferred from 
hydrocarbon exploration studies.
x
INTRODUCTION
Studies of the earth's subsurface made by analyzing 
the earth's crust gravity and magnetic signatures have met 
with limited success in the past. Modeling geopotential 
fields using the so-called forward approach may yield more 
than one geologically reasonable solution. This has 
become known as the geophysical "inverse problem", and 
prevents the direct exploitation of the information about 
the subsurface contained in these data. Therefore, 
potential field data have mostly been used to confirm 
predictions made by some other geologically reasonable 
model produced from less ambiguous data. The situation 
described above is unfortunate because geopotential surveys 
of anomalous gravity and total-field airborne magnetics 
offer a low-cost alternative to other subsurface explora- 
tion techniques.
At present, an investigator armed with a moderately 
dense data coverage and with experience in standard modeling 
techniques can produce intuitive and geologically reasonable 
depth-to-horizon maps in the area under study. Standard 
modeling approaches currently being practiced by oil 
exploration companies (Dobrin, 1976) are:
(1) Talwani forward modeling,
(2) Werner deconvolution, and
(3) simple shape modeling.
2Techniques 1 and 3 rely on fitting the model field to the 
observed field as closely as possible. The investigator 
must make assumptions or guesses about the geology of the 
area under study so he can design a reasonable model which 
then can be adjusted to fit the observed field. As a 
result, the final model often depends heavily on the 
investigator's preconceived notions. Techniques 1 and 3 
suffer from the geophysical inverse problem because the 
model may produce an otherwise precise, field-fitting 
solution that is geologically incorrect,, These non­
unique solutions result because the mathematical represen­
tation of geopotential fields contains both density 
(susceptibility) and distance variables. Thus, various 
combinations of density (susceptibility) and distance 
produce the same observed anomalous field. It is up to 
the investigator to infer which combination is most likely 
correct. What is preferable is a modeling technique which 
has a minimum of assumptions and can determine uniquely 
the geology of the geopotential source that is being 
modeled.
Werner deconvolution is a so-called inverse modeling 
technique which makes use of a field fitting, semiempirical 
calculation along a suitable profile, e.g., Klitgord and 
Behrendt (1979). This method models the source of the 
geopotential field by assuming the source of the field is 
a single isolated body. This rather restrictive
3assumption is only realistic in a small number of 
specialized cases because most geopotential field anomalies 
are produced by a collection or ensemble of sources.
Because the sources of the anomalous field in a typical 
sedimentary basin may be deep, the single source 
assumption is a poor one. It would be better to assume 
that any given portion of the anomalous field is produced 
by a collection or ensemble of sources. Clearly, better 
results will be obtained with a technique having 
assumptions which match those of the field being studied.
It is well-known that the form of a potential field's 
signature can be synthesized by application of Fourier 
analysis. This technique analyzes the shape or form of 
the anomalous field by attempting to fit a set of 
sinusoids. The frequency of each sinusoid is assigned a 
relative amplitude which indicates the quality of that 
sinusoid's fit. Multiplication and summation of the
cosine and sine of the sinusoid frequencies analyzed for
by the appropriate amplitude returns the original data 
set. One can view these amplitudes as representing that 
fraction of the potential field produced at that
frequency. It was demonstrated by Spector (1968) that, by
applying Fourier spectral analysis to anomalous 
geopotential field data, the array of amplitudes could be 
modeled and the depths to the sources of the field could 
be inferred. Specifically, Spector modeled the
4geopotential power spectrum which is a plot of the array 
of Fourier amplitudes versus frequency on a logarithm 
versus linear scale. He showed that the slope of the 
anomalous magnetic field's log spectrum was proportional 
to the depth of the source of the field. In areas of 
shallow sedimentary cover, Spector's technique has been 
shown to be reliable within the bounds of its assumptions, 
e.g., Spector and Grant (1970) and Mishra (1981).
Though reliable, Spector's procedure requires the 
investigator to hand fit the model. The major purpose of 
this study is to develop and demonstrate a new automated 
procedure for modeling these geopotential power spectra. 
Specifically, a generalized least-squares procedure is 
developed and applied to a finite-thickness layer model to 
the observed geopotential field power spectrum. This 
refined version of Spector's power spectrum technique is 
used to model the sedimentary basin beneath Louisiana and 
west Mississippi.
Differences in what is defined as "basement" require 
one to model both anomalous gravity and anomalous magnetic 
fields. Geologically it is unlikely that the sources of 
these fields will correspond, but these differences may be 
used to enhance our interpretations. There may be as much 
as 17 km of non-magnetic sedimentary rock between the 
surface and the top of the crystalline basement in parts 
of the Gulf Coast (King, 1969). Since the estimated depth
5of crystalline basement beneath Louisiana is so deep, the 
size and coverage of the potential field map has to be 
large. The thick non-magnetic sedimentary cover also 
requires the technique to be sensitive to subtle changes 
in the anomalous field. Finally, to provide a useful 
result, numerous overlapping areas or windows of the 
anomalous fields needed to be modeled. Because the total 
number of windows is large, a correlation similar to that 
used in well-log analysis was developed which allows the 
investigator to examine the results of the least-squares 
based spectrum modeling procedure for consistency. The 
final product is a reasonable approximation of the depth 
to basement and other important horizons within the basin.
II. REVIEW OF SPECTRAL ANALYSIS
Power Spectrum of Geopotential Fields
Pioneering work in the spectral analysis of 
geopotential fields, e.g., Spector (1968) and Spector and 
Grant (1970), has demonstrated that the depth to a 
magnetic horizon is related to the Naperian log slope of 
its radially-averaged power spectrum. Gunn (1975) shows 
that anomalous gravity and magnetic fields can be 
described as a convolution of factors, as in equations 1 
and 2:
(1) Gs=2^G*^s*h
(2) M  =  27r * D * D . I * m « h
S 1 2  »
W h e r e :
2 7t t 2 7tG represents scaling factors,
D, represents measurement-direction factor,
D  represents magnetization-direction factor, 
a$ , m s represents equivalent-layer-source functions,
I represents extra factor distinguishing 
gravity from magnetic field, and 
h represents the depth factor.
The convolution theorem states that convolution in the 
space domain corresponds to a multiplication in the
7frequency domain. Therefore, Fourier transforming both 
sides of equations 1 and 2 yields equations 3 and 4.
(3) G = 2 77 G • of • hf
(4) M f= 2n • Dm - Df2 • lF ■ mf
The subscript F signifies the Fourier transform of a 
given factor and in general Gp and Mp are complex 
quantities. After transformation it is possible to remove 
any of these factors from the spectrum by dividing the 
spectrum by the unwanted factors frequency-domain 
representation. Assumptions and such postransformation 
manipulations allow one to reduce all the depth 
independent factors to a constant. The depth dependent 
factor, hp, in the frequency domain, is proportional to 
EXP^-2hVu2- v2  ^, where u and v are the angular frequencies
corresponding to the x and y directions and h representing
the positive-valued depth to source.
The power spectrum of a function is defined as S =
FF* where F is the Fourier transform of F and the 
superscript (*) denotes complex conjugate. Directly 
applying this definition to the reduced forms of equations 
3 and 4 yields equations 5 and 6.
(5) SG = Gf • G* = C'- EXp(-2h\^W~)
8( 6 )  S M  =  Mf • M* =  C"« EXP ^ - 2 h V u 2 + v2 j
Taking the Naperian log of both sides of equations 5 and 6 
yields equations 7 and 8.
(7) Ln [ SG] = Ln C'  - 2hVu2* v 2
( 8 )  Ln [ s m ] =  Ln C -  2 h V u 2 ♦ v 2
Equations 7 and 8 demonstrate the linear relationship 
between the log slope of a geopotential field's power 
spectrum and the depth to the source of the anomalous 
field. Spector (1968) points out that the depths arrived 
at by exploiting this relationship are actually ensemble 
averages. Therefore, in modeling two-dimensional (mapped) 
data the depths arrived at are a weighted average (due to 
the data taper) of the laterally distributed sources.
The standard power spectrum modeling approach, as 
exemplified by Mishra (1981), is to fit by hand a straight 
line to the semilog plot of the power spectrum. This
approach is in effect fitting a model of infinitely thin
layers to the power spectrum. From equations 7 and 8 we 
see that the depth to the ensemble average source, modeled 
as a thin layer, is twice the absolute value of the slope 
of each linear segment. This model is a good first-order
9approximation of the real geologic situation, because it 
is the top of any given magnetic layer which contributes 
the most to the anomalous field and likewise to the power 
spectrum.
An extension of the standard modeling procedure is to 
look for slope breaks and to fit multiple lines to 
apparently linear segments. Thus, the anomalous field is 
modeled as a stacking of infinitely thin layers which 
produce a power spectrum by summing the contributions from 
each layer. This procedure assumes the total spectrum to 
be a superposition of noninterfering parts. In general, 
this assumption does not reflect the actual case, as all 
source layers may contribute to all the frequencies 
contained in the power spectrum. Therefore, the 
contributions of shallower layers on that portion of the 
spectrum dominated by deep layers cannot be ignored.
Fast Fourier Transformation
To model the power spectrum of an anomalous geo­
potential field, it is first necessary to transform a 
gridded representation of the field into frequency space. 
The basic relationship between a two-dimensional mapped 
array of data and its Fourier transform is defined by 
equation 9;
00 CO
( 9 )  F [ u , v ] =  j f f [ x #y ]  - E X p ( - 2 r : i [ u x  + v y ] J  dx dy
10
Where:
f(x,y) represents any complex single-valued function 
of mappable variables x and y,
F(u,v) represents the transformed function in frequency 
space, and
u,v represent the angular frequencies corresponding 
to the respective x and y directions.
The power spectrum, S(u,v), is defined in equation 10 by:
(10) sfi^v] = F [ u, v ] • F [u, v ]
Where:
* stands for the complex conjugate 
There are two common techniques for obtaining the 
power spectrum of any transformable array. The indirect 
approach produces the power spectrum by Fourier transforming 
the autocorrelation of the array (Geckinli and Yavuz,
1983) . The other choice is first to Fourier transform the 
array and then apply power-spectrum definition directly.
The latter, which is called the direct approach, was 
chosen for this study. The advantages of this choice are 
ease of calculation and prespectral frequency domain 
manipulations, e.g., taking derivatives.
The most common Fourier transformation technique is 
the so-called fast-Fourier transformation or FFT. Numerous
11
algorithms have been published since the original by 
Blackman and Tukey (1958) . For this study the FFT routine 
in Claerbout (1976) was used. The FFT requires several 
modifications to the array prior to transformation. These 
include gridding (if the original data are irregularly 
spaced), windowing, tapering, and packing with zeros 
(array size has to be a power of 2). A short synopsis of 
each pretransformation modification is provided below.
For this study an overlapping sliding-window surface- 
fitting technique for gridding was chosen for the following 
reasons:
(1) speed and ease of calculation,
(2) pre-filtering and anti-aliaising effects of 
fitting a surface by least-squares regression, 
and
(3) freedom from biasing the frequency content of 
the data by the interpretations of the map 
m a k e r .
The value of anomalous geopotential field at a grid point 
was taken as the value of this fitted surface at that 
location. A description of the gridding algorithm used 
and a discussion of its anti-aliaising effects are given 
later.
The choice of grid spacing is also very important 
because it controls which frequencies the FFT solves for.
12
The highest (Nyquist) frequency is twice one grid point 
separation. Because it is not possible to model a power 
spectrum at a frequency higher than the Nyquist frequency, 
the two-point grid separation also sets the acceptable 
accuracy requirement for the gridded representation of the 
mapped field. The longest wavelength (lowest frequency) 
solved for is determined by finite dimensions of the 
array. The range of frequencies contained with a given 
square area or window of the gridded map can be calculated 
from equation 11:
( 11) u = . .2?rm_ 
n I
W h e r e :
m = wave index 1,2,3,...N/2,
n = number of grid points in either x or y direction, 
and
1 = length of one side of the area measured in kilo­
meters.
In this study the aeromagnetic flight line distribution 
determined the gridding interval. The gridding interval 
was set at the one-half average separation between flight 
lines. Cross correlation between gravity and magnetic 
fields was desired, so the same grid was used for the 
gravity array. The range of frequencies which can be 
modeled is therefore limited by the finite size of the
13
window and the gridding interval. Clearly, this limitation 
will affect the resolution and the range of the modeled 
depths.
Windowing and Tapering
Since the data base to be transformed is finite 
(i.e., the dimensions of map are fixed), tapering the data 
to zero at the window edge is required. Failure to apply 
a taper is, in effect, subjecting the data to a 
boxcar-shaped data window. Such a data window has sharp
corners which will alter the amplitudes of the frequencies
contained within the power spectrum. This frequency- 
altering generation capability of a window (biasing) is 
unavoidable, but can be minimized by applying an 
appropriately tapered data-window. The type of taper 
chosen depends on the application and therefore must be 
custom-designed. For this study the so-called Tukey 
taper was chosen. Geckinli and Yavuz (1983) discuss this 
taper extensively and describe its generating function.
An important feature of the Tukey taper is that the 
central portion of the taper has a value of 1. Therefore,
whatever is in the center of the window is unbiased. The
off-center portions receive increased tapering till at the 
edge of the window the variance in the data is forced to 
zero. Prior to tapering, the mean value of the windowed 
array should be removed so as to minimize the frequency
14
bias caused by application of the taper. The lowest 
frequencies are most affected by the taper and in general 
are considered unreliable. The choice of the low-frequency 
cutoff can be obtained from the power spectrum of the 
taper itself. In this study the low frequency cutoff was 
set at the first zero of the taper's spectrum.
Zero packing
The fast Fourier transform requires that the number 
of data in the array being transformed be a power of 2 
(e.g., 64, 128, 256, etc.). To accomplish this end and to 
prevent wraparound, zeros are packed around the edges of 
the array. The number of zeros packed affects the array 
size and the frequencies solved for. The more zeros 
packed, the closer the computed power spectrum approaches 
the actual power spectrum (Geckinli and Yavuz, 1983). 
However, as the array size increases, so do the working 
and storage space requirements of the computer. A rule of 
thumb is that the number of zeros along a profile should 
exceed the number of real data (J. Nunn personal 
communication, 1984). For this study, array sizes of 64 
grid points were chosen with either 20 or 30 points being 
nonzero valued.
III. SPECTRAL MODELS OF GEOPOTENTIAL FIELDS
Magnetic Spectral Model
Numerous authors have demonstrated that an anomalous 
magnetic field's radially averaged, two-dimensional power 
spectrum can successfully be described by two different 
models. These models are:
(1) infinitely thin sheets of variable magnetization 
placed at different depths (Mishra, 1981 and 
Naidu, 1970) , and
(2) infinitely thick halfspaces of variable magnetiza­
tion whose tops originate at different depths 
(Spector and Grant, 1970, and Trietel, et. a l . , 
1971).
Both models work because it is the upper contact between 
contrasting lithologic units which makes the major contribu­
tion to the anomalous field. Therefore the fitting of 
straight lines to segments of the radially-averaged semilog 
plot of the power spectrum applies to either model.
Blakely and Hassanzadeh (1981) noted that the half­
space model did not reflect a realistic geologic situation 
and chose to develop a model which incorporates layers of 
finite thickness. The Fourier-transformed representation 
of their model (for a two-dimensional anomaly field) is 
given by equation 12:
(12)
15
16
W h e r e :
H(k) is the Fourier transform representation of the 
total anomalous field,
M(k) is the Fourier transform representation of the 
magnetization, 
k is the angular frequency, k =  V u 2 + v 2
t is the layer thickness,
z is the depth to the top of a given layer, and
©  is a directional factor relating the direction
of measurement to the direction of the total 
magnetic field.
The variability of the ©  factor can be removed by trans­
forming the anomalous field to the North magnetic pole 
where the direction of the field is normal to the surface 
of the earth. Spector (1968) outlined a procedure to 
accomplish this in frequency space. Modeling transformed- 
to-pole spectra allows this factor to be set to a constant.
An important assumption of this model is that the 
horizontal variation of the magnetization within a given 
layer is random or at least uncorrelative. Strictly 
speaking, this assumption makes the model invalid because 
the Fourier transform of this magnetization function does 
not exist (Blakely and Hassanzadeh, 1981). However, the 
Wiener theorem of autocorrelation states that this magnetiza­
tion function does possess a power spectrum (Lee, 1960) .
17
Blakely and Hassanzadeh (1981) apply this theorem to 
equation 12, which allows us to write equation 13.
: 1 3  ) S L ( k )  =  S M ( k ) 2  7T EXP - h • I -  EXP -kt
W h e r e :
SM is the magnetization power spectrum, and 
SL is a given layer's contribution to the total 
anomalous field's power spectrum.
The assumption of magnetization randomness allows us to 
describe the magnetization spectrum of a single layer as a 
constant. Therefore, a given layer's magnetization spectrum 
can be written as equation 14:
(14) S M (  k )  =  a 5 =  V
Combining equations 13 and 14 yields equation 15
(15) SL ( k )  =  4  7T2 EXP - k z EXP - k t
This is the magnetic spectral model for a single layer. 
Because it is possible that more than one layer contri­
butes to the total spectrum, we can write for m number of 
layers:
(16) S M T ( k )  = ] T  S L ( k )  = ^ 4 r r 5 V  [ EXp [ -  kz I -  EXP kf
18
We tacitly assume in writing equation 16 that there is no 
correlation between layers and that each layer makes its 
contribution to the observed spectrum independent of any 
other. Later we will see that this condition can be 
relaxed somewhat.
The automated least-squares approach requires a model 
with a finite number of layers. Since it is the anomalous 
field that we are interested in modeling, it is 
geologically reasonable to assume that the source of the 
anomalous field is entirely within the crust. Therefore 
the model was set to a maximum depth of 55 km. Figure 1 
depicts the model. The assumption of no correlation 
between layers requires the layers to be of unequal 
thickness. It is demonstrated later why this was 
necessary.
Because the number, thickness, and depths of the 
model's layers are fixed a priori, the unknown variables 
are the angular frequency (k) and variance (V). The 
gridding procedure and the requirements of the FFT 
algorithm fix which frequencies can be modeled. As a 
result, the variance (V) is the only independent variable 
and, as described above, (V) is related to the magnetization 
spectrum of any given layer. The total anomalous magnetic 
field's power spectrum will contain a substantial contribu­
tion from a given layer when that layer's variance (V) is 
significantly different than its neighbor's. Because it is
a lithologic susceptibility contrast which produces the 
anomalous magnetic field, one is essentially requiring the 
model to locate where radical changes in the magnetic 
susceptibility of the rock occurs. The radical change in 
susceptibility causes the variance which produces the 
noticeable difference between magnetization spectra of 
neighboring layers. In Figure 1 this occurs at 20 km 
where the model encounters a substantial change in 
magnetic susceptibility at the crystalline-noncrystalline 
rock contact. The model will then choose the top of the 
layer which contains the contact as the depth at which the 
anomalous magnetic field is being generated.
Clearly, the magnetic susceptibility contrast, the 
magnetization, and a layer's variance are related. In 
principle, then it should be possible to relate the 
magnitude of the variance observed to the susceptibility 
contrast that generated it. Figure 2 is a plot of the 
square root of the minimum variance coefficient versus 
depth required to make a given layer's magnetization 
spectrum noticeable by this modeling technique. The 
threshold at which a given magnetization spectrum would be 
noticed was set at an empirical value derived from the 
magnitude of the white noise found in observed spectra. 
This figure, demonstrates that the contributions from 
successively deeper layers must shift to lower 
frequencies. The dotted line represents the largest
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Figure 1. Model used in this study 
which has finite but unequal layer 
thickness. The model generates a 
positive nonzero variance coefficient 
when an anomalous field-generating 
lithologic contact is contained within a 
given layer.
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Figure 2. Plot of the square root of the 
minimum-variance coefficient versus depth at 
a given frequency required to model the 
magnetic spectra. The minimum was determined 
for a frequency when the contribution from a 
given layer's magnetization spectrum became 
larger than the observed value for white- 
noise.
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coefficient produced by the modeling of this study's 
anomalous magnetic field. The line roughly sets an 
empirical upper limit on the sensitivity of this technique 
for this study. Therefore, there may exist high-frequency 
sources at deep depths which will go unnoticed by the 
model. This forward modeling assumes that only one layer 
contributes to a given frequency range. This is not 
geologically reasonable, and as will be seen later, summed 
contributions from multiple layers seem to be required.
Gravity Spectral Model
The power spectrum produced by an anomalous gravity 
field is similar in form to that produced by the anomalous 
magnetic field. Poisson (1826) derived the relationship 
between gravity and magnetic potentials. This relation is 
discussed in detail in most geophysics texts, e.g., Telford 
(1976), in chapters dealing with cross correlation of 
potential fields and shall not be reviewed here. Gunn 
(1975) reformulated Poisson's relationship for the 
specific case of geopotential power spectra. He 
demonstrates that the only difference between the frequency- 
domain representation of the transformed to the pole- 
anomalous magnetic field and that of a vertical component 
of the gravity field is 1/k where k = angular frequency.
This allows one to alter the magnetic spectral model of 
Blakely and Hassanzadeh (1981) to fit the gravity spectra.
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The gravity spectral model then becomes the magnetic
O
spectral model divided by K and is defined by equation 
17.
(17) SGT ( k) = 4^2V
' • m
EXP kz EXP - k t
2
K2
Thus the same programs and procedures that were used to 
model the magnetic spectra can be applied to the gravity 
spectra with only minor alteration. A minimum-variance 
coefficient plot for the gravity model is shown in Figure 
3. Observations similar to those made concerning Figure 2 
can be made.
Modeling Limitations
A tacit assumption made so far is that the anomalous 
field is produced by a contact between a given rock unit 
overlying a denser or more susceptible basement rock unit. 
In the northwest Gulf Coast the anomalous gravity field 
may contain a substantial contribution from salt units 
contained within the sedimentary cover. Because salt is 
less dense than the surrounding rock, the upper contact 
generates a negative density contrast. The relative 
closeness of this contact to the gravimeter may cause the 
anomalous field to contain modelable contributions not 
related to the basement. This suggests that a careful 
comparison of the horizons found by modeling both fields 
is necessary, especially over salt basins.
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Figure 3. Plot of the square root of the 
minimum-variance coefficient versus depth at 
a given frequency required to model the 
gravity spectra. The minimum was determined 
for a frequency when the contribution from a 
given layer's magnetization spectrum became 
larger than the observed value for white- 
noise.
25
There are certain geologic contacts which may generate 
sharp and high-frequency geopotential anomalies that will 
go unnoticed or cause false, usually very shallow, 
horizons to be located by the model. These geologic 
contacts all violate the assumptions of our model. A good 
example of this anomaly type is found just south of the 
Sabine Uplift in both geopotential fields. The postulated 
causes of that particular anomaly is a Mesozoic igneous 
intrusion (Buffler, et. a l ., 1984). Any source that 
crosses numerous layers violates the assumptions of non­
correlation between layers. However, the anomaly, 
produced because the intrusion exists in three dimensions, 
will have an effect on the observed spectrum. Any model 
of this spectrum may then contain a false horizon.
IV. DATA BASE
Sources and Coverage
The geophysical data modeled in this study consist of
(1) 19,598 complete Bouguer gravity values obtained from 
the Defense Mapping Agency, St. Louis, Missouri, and
Dr. G. R. Keller of the University of Texas at El Paso, and
(2) 1,200,000 airborne total field magnetic anomaly values 
obtained by EG&G Geometries under contract to the National 
Uranium Resource Evaluation (NURE) Survey. Corrections 
applied to the compiled gravity data to obtain consistent 
complete Bouguer anomaly values were completed by the 
Defense Department and reviewed by Dr. Keller. The 
removal of the International Geomagnetic Reference Field 
(IGRF) and other associated corrections were made by EG&G 
Geometries. Both data sets were obtained in digital form 
on magnetic tape. Prior to the modeling, the data sets 
were compiled into maps, filtered for inconsistent data, 
and contoured. These maps are being published separately 
by the Louisiana Geological Survey (Angelich, et. a l . ,
1985 and Angelich and Pilger, 1985).
The airborne magnetic surveys, each covering one U.S. 
Geological Survey 1° x 2° quandrangle, were flown in an 
east-west, north-south grid pattern at an average altitude 
of 129 meters at spacings which averaged 9.7 km. The 
cross-ties between east-west and north-south legs were 
examined for consistency. From the cross-tie errors it
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was determined that the finest contour interval possible 
was 25 gammas. In the event cross-tie errors exceeded 25 
gammas, the neighboring lines were examined and the 
gradient of the field was extrapolated to determine which 
flight line was in error. Overall, the proportion of 
rejected or altered flight-line segments were less than 
2%. Exceptions were the Lake Charles and Port Arthur 
quadrangles.
For the Lake Charles and Port Arthur quadrangles it 
was determined that there was a difference in the base 
value, compared with adjacent surveys. The average value 
of the magnetic field within these quadrangles was 
determined to be 1900 gammas greater than in neighboring 
quadrangles. This value was removed and then once so 
corrected that the cross-tie errors between these 
quadrangles and their neighbors all fell within the 25 
gamma criteria.
Prior to making the gridded representation of the 
anomalous magnetic field map, it was necessary to fill in 
gaps in the raw data. For example, a small portion of the 
northwest Beaumont quadrangle was contained in the area 
being modeled, but the north half of the Beaumont 
quadrangle apparently was not overflown as part of the 
NURE survey. To fill in this gap, the gradients from 
neighboring areas were extrapolated. A similar situation 
existed over offshore regions south of the Louisiana
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coastline. Here data were estimated from the "Composite 
Magnetic Anomaly Map of the United States" (Zietz, 1982). 
These data were scaled to the datum used in this study 
prior to being applied as gap fill.
The gravity data required little premodeling 
manipulation. However, it was necessary to fill in 
offshore areas with free-air gravity data derived from the 
gravity map of the Western Gulf of Mexico (Pilger and 
Angelich, 1985) .
Gridding
To prepare the data to be transformed into frequency 
space using a radix-2 fast Fourier transform, it is 
necessary to grid the anomalous field so that the data 
points are equally spaced. This process, called 
"gridding", was performed using an algorithm by Braile 
(1978) . This algorithm fits by least-squares regression a 
two-dimensional polynomial surface to multiple, 
successively overlapping windows of the irregularly- 
spaced raw data. The degree of fit and highest polynomial 
order allowed within a given window is determined by the 
user. In this study the order was kept as low as possible 
but still high enough to represent accurately the field. 
Through trial and error it was determined that a maximum 
order of 6 was ideal. Because the fit of the polynomial 
surface was best near the center of a given window 
(Braile, 1978) , only 4 grid-point values centered within
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the window were calculated. The accuracy of the 
represented field was determined by comparing computer 
generated contours of the gridded and irregularly spaced 
data. A computer contouring algorithm by Watson (1982) 
was used. The gridded representation of a given anomalous 
field was determined to be sufficiently accurate for 
Fourier analysis when the superimposed computer contours 
deviated by no more than one grid space over a distance no 
greater than two grid spaces long. This precision 
criterion is stricter than that demanded by the Nyquist 
frequency considerations of the FFT. To achieve the 
stated precision it was necessary to hand smooth some 
portions of the gridded version. However, no more than 5% 
of the total 14,950 grid points required adjustment.
An important parameter which had to be determined was 
the grid spacing, for it is this factor that ultimately 
determines which frequencies can be modeled. The grid 
spacing was arrived at by examination of gravity 
measurement density and magnetic flight-line spacing, the 
latter being the critical factor. A grid spacing of 
one-half flight-line spacing was allowed. At this tight 
spacing, the mapped field in question was represented on a 
115- by 130-point grid. The gridded representations of the 
fields are shown in Figures 4 and 5.
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Figure 4. The machine-contoured, 
gridded representation of the 
anomalous magnetic field modeled in 
this study. The contour interval is 
50 gaminas, and the areas of lowest 
field strength are hatchured. For 
clarity, the grid-point locations 
were omitted.
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Figure 5. The machine-contoured, 
gridded representation of the 
anomalous gravity field modeled in 
this study. The contour interval is 
5 milligals, and the areas of lowest 
field strength are hatchured. For 
clarity, the grid point locations 
were omitted.
V. PRACTICAL MODELING METHODS
Observed Spectrum
The spectrum produced by the FFT within a given 
window is at best an approximation of the actual spectrum. 
Many factors affect the quality of the approximation, and 
it is essential to model only those portions of the 
spectrum which accurately represent the actual spectrum.
It is not desired, in contrast to previous investigations, 
to view each spectrum and decide by some intuitive 
criteria which portions to model. In this study there are 
as many as 210 spectra modeled per geopotential field and 
window type. This number of spectra to be modeled 
discourages individual examination, and one therefore must 
decide ahead of time what frequency range will be 
approximated accurately enough to be modeled.
A typical spectrum obtained by fast Fourier 
transformation of a portion of an anomalous geopotential 
field is displayed in Figure 6. The horizontal 
(frequency) axis is marked off in linear units of 
frequency (radians/kilometer). The vertical axis is 
marked off in log (base 10) units of relative amplitude. 
The low frequencies are plotted to the left with the low 
amplitudes plotted towards the bottom. In previous 
studies, e.g., Mishra (1981), the radial average of a 
given spectrum was calculated and then the average was
32
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Figure 6. Typical semilog plot of a 
geopotential field's power spectrum. Each 
point represents the relative amplitude 
assigned to the given frequency by a radix-2 
fast Fourier transform. The line represents 
the radial average of these amplitudes.
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modeled. The radially-averaged spectrum is easier to 
model visually because taking the average reduces the 
apparent scatter in the relative amplitudes. The scatter 
is produced by the two-dimensional variation in shape of 
the anomalies being analyzed. Taking the radial average 
smooths these variations and causes a loss of information 
contained in the spectrum.
There appear to be three distinct parts of a given 
spectrum. These are (1) taper-dominated low-frequency 
end, (2) white-noise dominated, high-frequency end and (3) 
modelable portions at the mid-frequency range. It is 
necessary to avoid parts 1 and 2 without visual 
examination of the spectrum to be modeled. The taper- 
dominated part of the spectrum can be avoided by examining 
the power spectrum of the taper itself. Geckinli and 
Yavuz (1983) point out that only those frequencies 
contained within the main lobe of the taper's power 
spectrum are greatly biased by the taper. It is reasonable 
that if these frequencies are not modeled, any effects of 
the taper on the model will be avoided. The Tukey tapers 
used in this study were Fourier analyzed, and the frequency 
where the main lobe terminated was noted. Unfortunately, 
the efforts at taper bias removal were only partially 
successful. Occasionally the model located a solution at 
very great depths 0 5 0  k m ) . These solutions were 
immediately suspect as these depths exceeded the estimated
35
thickness of the crust in the Gulf Coast. A plot of the 
model solutions superimposed on the observed spectra 
revealed that the very deep solution fit only a small 
portion of the observed spectrum at the low-frequency end. 
Because the lowest frequencies are most likely to be 
biased by the taper, these very deep solutions were deemed 
artifacts of the taper and subsequently ignored. Thus the 
taper and ultimately the window size limit the lowest 
frequency that can be modeled.
At the other end of the spectrum, the high 
frequencies are dominated by the apparently random scatter 
of amplitudes called white-noise. The loss of 
recognizable useful modelable amplitudes makes this 
portion of the spectrum a waste of computer time to model. 
The sources of this white-noise include:
(1) computer round off error,
(2) band limited nature of the FFT algorithm, and
(3) gridding errors or noisy data.
Little can be done to suppress the effects of the white- 
noise except gridding at a finer interval or improving the 
method with which the power spectrum is produced. 
Optimization filters or transfer functions which 
ostensibly improve the signal-to-noise ratio of the data 
may be applied. However, their use is subjective and 
often does not perform better than a simple band pass 
filter (Mesko, 1984). The white-noise does not
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necessarily limit the shallowest depth which can be 
modeled; however the shallowest horizon recognized against 
the white-noise background in this study is around 2.5 km. 
With the exception of shallow horizons which might exist 
over basement highs, no important magnetic horizon 
shallower than 2.5 km is thought to be beneath Louisiana. 
With the most informative portions of the spectrum now 
bracketed, the modeling can proceed on those frequencies 
only.
Solution by Least-Squares ---- -L.   _ J _  
To prepare the model to be analyzed using 
least-squares, one must form equation 18, take the 
derivative of both sides, and set the left hand side equal 
to zero.
W h e r e :
Sobs t*ie observed spectral amplitude,
^calc is the modeled spectral amplitude at a given 
frequency, and
For the purposes of this discussion, we shall concentrate 
on the modeling of magnetic spectra. The mathematics and 
the approach used to model gravity spectra are completely
(18)
k represents the angular frequency modeled
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analogous. This procedure attempts to fit the 
magnetization of each layer in the model to the observed 
spectra. Ostensibly only the unique set of magnetization 
spectra which, when summed, produces the minimum squared 
deviation between the model and the observed are allocated 
a nonzero variance coefficient. In statistical analysis 
this procedure is known as solving the normal equations 
and is represented most easily in matrix notation.
Equation 19 is the matrix representation of the model.
Multiplying both sides of equation 19 by the transpose of 
[E] yields equation 20:
(19) [E ] * [v j = [s
k x m  1 x m
W h e r e :
[S3 represents the observed spectra being modeled 
IV] represents the unknown variance coefficients, 
EE3 represents the model layer magnetization
spectras,
m is the number of layers in the model, and
k is the number of angular frequencies modeled.
Where ' stands for transpose
38
Equation 20 is the matrix representation of the normal 
equations. Multiplying both sides of equation 20 by 
[ [E] ' [E] ]-* produces the desired solution [V]«,
A unique solution to equation 20 is possible only if 
the determinant of [E]'tE] is nonzero. A determinant of 
zero implies that two columns (rows) of TE] 1 [E3 differ 
only by a constant. The most desirable determinant is 
large and positive.
Examination of the model with layers of equal 
thickness revealed that the determinant was identically 
zero. Therefore a model with layers of equal thickness 
cannot be used. The zero determinant means that the equal 
layer thickness model violated the assumption of 
noncorrelation between layers. An easy remedy is to 
design a model with layers of unequal thickness. Any such 
model will produce a nonzero determinant and is solvable.
A realistic, physically justifiable model has the layer 
thickness increasing with depth. It is observed that as 
the change in thickness between successive layers 
approaches zero, the determinant becomes successively 
smaller and the regression solution less stable.
For this study, a model was chosen in which each 
layer was thicker than the preceding layer by a fixed 
increment (i.e. = t^ + const), (t = layer thickness).
The increment was set at the thickness of the shallowest 
layer. As a result, only the first few layers experience
a radical change in thickness. It is possible to vary the 
thickness of the initial layer and the number of layers 
within the model to achieve the desired precision in the 
depth estimate. A consideration in this study was the 
computer execution time required to produce a model 
solution. Increasing the number of layers increased the 
execution time proportionately. Eventually a model of 
thirty layers was chosen. This choice produces a layer 
thickness of slightly greater than 2 km at the base of the 
model.
There exist a number of standard routines for solving 
systems of linear equations. The initial modeling attempt 
was made with a Gauss-Jordan algorithm taken from Davis 
(1973). Unfortunately, the resultant solution vector 
contains negative variance coefficients. Negative 
coefficients imply both that the modeling procedure is 
subtracting magnetization spectras to arrive at the best 
fit and that the square root of the variance, i.e., 
standard deviation, is imaginary. Therefore, the 
resulting solution vectors are not physically meaningful.
Non-negative Least-Squares
In the preceding section it was demonstrated that the 
standard least-squares solution techniques will not be 
useful in this study. What is required is a least-squares 
technique which produces only positive coefficients. 
According to the Kuhn-Tucker theorem, if there exists a
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solution vector produced by a traditional least-squares 
approach containing negative coefficients, then there 
exists another solution (the dual-vector) containing only 
positive or zero values. The dual-vector solutions are 
still a least-squares fit. The reformulation of the 
traditional least-squares problem by the introduction of 
inequality constraints (non-negative coefficients) has 
been developed by Lawson and Hanson (1974), together with 
a Fortran subroutine which implements the algorithm.
The non-negative least-squares subroutine (NNLS) was 
inserted into the inverse spectral modeling program and 
used to model both gravity and magnetics. An example of a 
typical solution is shown in Figure 7, which shows a 
magnetic spectrum that apparently originates from one 
subsurface horizon. The magnetization spectrum from this 
horizon appears to plot in the same location where 
previous investigators might have fit a straight line by 
hand. Clearly the slopes of the spectra derived from the 
model and that of the observed spectrum appear to be the 
same. Other possible solutions also seen on the figure do 
not appear to fit the spectrum as well. At first glance, 
these solutions might be discarded as invalid and an 
artifact of the NNLS solution. Later the significance of 
these solutions will be evaluated in terms of the 
assumptions required by the finite thickness layer model.
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Earlier we described how the model reacted when it 
encountered a lithologically-induced source contrast. If 
the source contrast is completely enclosed within one 
layer, and if one assumes that this layer is the exclusive 
spectral source over this frequency band, then the 
magnetization spectra of the layer and the observed 
spectra should correspond exactly. However, this is 
generally not the case. Instead, horizons from all depths 
make contributions to all frequencies. As a result, it 
should not be expected that each layer solution 
magnetization spectrum will fit perfectly over the entire 
frequency range it is modeling. The interpretive task, to 
select those solutions depths assumed to represent true 
geologic horizons, may require some geologic insight.
From this discussion it is clear that automatically 
choosing the shallowest solution obtained from modeling 
any given windowed array may not always be best.
Solutions that do not correlate from one window to the 
next or which appear at unreasonable depths should be 
discarded. This study's choice of the correct solution is 
that which best correlates with neighboring solutions. A 
detailed discussion of the forms taken on by the NNLS 
solution can be found in the next section.
Consideration must be given to the precision of the 
NNLS solution. The standard Gauss-Jordon least-squares 
procedure lent itself readily to error analysis using many
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well-known techniques. Unfortuantely, the NNLS routine is 
not so well-endowed. It can be argued that the accuracy 
of the model due to the thickness of the layers and the 
spread between grid points clearly outweighs the precision 
of the NNLS solution. Furthermore, the gradational nature 
of the lithologic horizons being modeled makes further 
discussion of the error in the NNLS fit unwarranted.
Solution Types
Geologic intuition has a role in many geophysical 
techniques. For instance, in well-log analysis the 
ability to correlate the spontaneous potential kick from 
one well-log to the next is a valued skill requiring 
considerable experience. Thorough familiarity with 
spectra from many geological situations may allow an 
investigator's experience to play a role in hand fitting a 
solution. Therefore, automating the spectral solution 
process does have the drawback of eliminating this option.
The NNLS modeling technique is able to make subtle 
adjustments to the solution form when it encounters 
various source contrast situations. The theoretical 
situation described earlier, where a clean-cut source 
contrast exists across a given horizon, is actually quite 
rare. Furthermore, the solution obtained within a given 
window is an ensemble average or expectation value of a 
collection of source functions. As a result, it will only 
be possible to infer something of a general nature about
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the geometry and magnitude of the spectral source from the 
magnitude and form of the variance coefficients. To compare 
neighboring solutions, the square root of the solution 
variance coefficients are plotted versus depth similar to 
the way well-logs are plotted.
Figure 8 shows the different forms taken by such a 
display of square-rooted variance coefficients for various 
solution types. Figures 9a, b, c show the respective 
layer magnetization spectra of these solution types 
superimposed on the observed spectrum. Some of the model's 
choices are not necessarily what an investigator would 
hand fit. This situation should not be interpreted as 
spurious results for reasons cited below.
The shape of the individual solution on a solution 
plot is a function of the NNLS coefficient, the number of 
layers contributing to a given waveband's solution and the 
thickness of each layer. Because the thickness of a 
deeper layer is greater than that of a shallower layer, 
the deeper solutions may appear to be more prominent.
This is an artifact of the display and is not indicative 
of the relative importance of the solution or horizon the 
model has located.
However, the shape of a given solution reflects the 
way the NNLS algorithm fits the model layer's 
magnetization spectrum to the observed spectrum. There 
are a limited number of ways that nearby individual layer
45
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Figure 9a. Observed spectrum overlaid by its 
respective magnetization spectral solutions, 
which were used to generate the single 
solution form of Figure 8. Single solutions 
are produced when over a given frequency 
interval, the slope of a given layer's 
magnetization spectra matches the observed 
spectrum perfectly.
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Figure 9b. Observed spectrum overlaid by its 
respective magnetization spectral solutions, 
which were used to generate the dual solution 
form of Figure 8. Dual solutions are produced 
when, over a given frequency interval, the 
contributions from magnetization spectra of 
two layers are summed to match the observed 
spectrum.
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Figure 9c. Observed spectrum overlaid by its 
respective magnetization spectral solutions 
which were used to generate the split 
solution form of Figure 8. Split solutions 
are produced when over a given frequency 
interval the contributions from magnetization 
spectrum of multiple layers are summed to 
match the observed spectrum.
49
magnetization spectra can sum to form the observed power 
spectrum.
The straightforward case is the single solution type 
shown in Figure 8. A single nonzero coefficient produces 
the desired best fit between that layer's magnetization 
spectrum and the observed spectrum over a given frequency 
interval. Unfortunately, this situation is relatively 
rare. An example of this excellent fit between a 
single-layer magnetization spectrum and an observed 
spectrum is shown in Figure 9a.
The most common solution is a double or dual solution 
whose shape is displayed in Figure 8. Many variations in 
this basic shape are observed, but they all appear to have 
the same origin. This shape is produced when the 
contribution of two adjacent layers must be summed to fit 
the observed spectra over a given frequency interval. The 
magnetization spectrum least-squares fit which produces 
this form can be seen in Figure 9b.
A number of observed spectra and their NNLS 
magnetization layer solution were overlaid and examined. 
Certain characteristics of the dual solution were observed 
to be in common. These are: (1) the model layer
generating the larger coefficient was not always the best 
individual solution fit to the observed spectrum within 
the common frequencies, so the investigator hand fitting 
this spectrum might have chosen either solution; and
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(2) the shallower layer solution always fits the higher 
frequencies in the common frequency interval best. A 
similar observation was made concerning the deeper 
solution and the lower frequencies. The common range of 
frequencies where contributions from both layers are 
required to make a good fit is quite large. The NNLS 
algorithm apparently models the observed spectrum by 
summing the spectral contribution from neighboring layers. 
For the theoretical case where the source contrast is 
abrupt and contained within a single layer, a dual 
solution will not occur. Setting aside a discussion of 
the accuracy of the FFT spectral approximation and its 
ability to reflect the actual spectrum, one can attribute 
the dual solution to the fact that the source contrast is 
not completely contained within one layer. The relative 
magnitude of coefficient from each layer generally 
reflects the quality of the fit by that layer's 
magnetization spectrum. However, the assumptions required 
by the model suggest that the top or shallowest solution 
may be more indicative of the depth of the contact.
An extension of the situation and solution type 
mentioned above is the split solution shown in Figure 8. 
Again, overlays of the magnetization layer solution spectra 
onto the power spectrum being modeled suggest that both 
are solutions. An example of an overlaid spectrum is 
shown in Figure 9c and reveals that the number of
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frequencies in common is less than those found in the dual 
solution. However, there are enough in common to make it 
clear that a substantial contribution from each solution 
to the frequencies dominated by the other is required to 
make a fit. Two distinct horizons could cause this 
appearance, but it has been noted that this solution form 
is more likely when the depth gradient between correlated 
solutions becomes large. This suggests a source contrast 
distribution which crosses multiple layers.
V I . SURVEY
Overview - 30-Grid-Window
The practical application of this new least-squares 
modeling technique will be the rapid, approximate 
estimation of the depth to crystalline basement in deep, 
relatively unexplored, sedimentary basins. To test the 
validity of this NNLS approach, the data from the northern 
Gulf Coast of Louisiana and west Mississippi was modeled. 
The depth and configuration of the crystalline basement 
beneath Louisiana is little known. What is known is that 
the northern Gulf Coast appears to be a typical Atlantic- 
type r passive continental margin with perhaps as much as 17 
km of sedimentary rock covering the crystalline basement 
(King, 1969). It is widely accepted that this thick layer 
of Mesozoic and Cenozoic sediments was deposited on the 
trailing edge of the North American plate after the early 
Mesozoic rifting event which opened the Gulf of Mexico 
(Pilger, 1980). Numerous authors have suggested that this 
rifting created a tensional environment within which Horsts 
and Grabens developed. Later erosion, tectonic subsidence, 
and sediment loading modified the basement into its present 
form. Various studies, e.g., Pilger (1981), suggest that 
there probably exist substantial thicknesses of Paleozoic 
metamorphosed sedimentary metamorphic and igneous rock 
beneath the Mesozoic sediments.
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What is known about the configuration of the basement 
at present has largely been inferred from oil exploration 
studies of the Mesozoic sedimentary strata and supplemented 
by a limited number of seismic refraction profiles. The 
geophysical survey techniques used to study the sedimentary 
cover consist principally of:
(1) seismic reflection,
(2) drill and well-log analysis, and
(3) forward modeling of anomalous geopotential 
fields.
The relief attributed to the crystalline basement which 
floors this basin has only been directly observed on 
basement highs. A synthesis of hydrocarbon exploration 
studies has established three major basins and a group of 
intervening arches. The names, locations and relative 
areal extents of these features are shown in Figure 10. 
Crystalline rock has been drilled on the tops of basement 
highs and along the margins of the Gulf of Mexico coastal 
plain (Pilger, per communication). Wells drilled on the 
Monroe Uplift have encountered substantial amounts of 
igneous rock, while minor amounts of igneous rocks have 
been drilled over the Sabine Uplift, e.g., Scardina (1982). 
The basins contain vast deposits of salt, thus making the 
areal extent of these low areas easy to define. However, 
this same salt effectively blocks seismic reflection from 
observing the crystalline basement flooring these basins.
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Figure 10. Tectonic map of the Northern Gulf 
Coast. Modified from Anderson (1980).
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Table 1 lists the horizons that the inverse spectral 
modeling (ISM) technique may locate.
Prior to testing the ISM technique, data measuring the 
anomalous gravity and magnetic fields of Louisiana and 
parts of the surrounding states were compiled, gridded, and 
contoured in the manner discussed earlier. Next, the 
tapered window described earlier was passed over the 
gridded data along north-south pathways, whose centers are 
shown in Figure 11. Those points which fell within a given 
window were then Fourier transformed into frequency space. 
The power spectrum of each window was then formed by 
directly applying equation 10. Each power spectrum was 
then modeled using the NNLS algorithm. Perhaps what is 
most appealing about the least-squares approach is that a 
large number of map subdivisions or windows can be 
examined. The necessity of having to evaluate and then 
hand fit every spectrum is eliminated. Essentially the 
number of spectra modeled from a given map is limited by 
the amount of computer time available. If sufficient 
overlap between windows is allowed and the horizons being 
modeled do not have erratic relief, it should then be 
possible to correlate solutions between neighboring 
windows.
The amount of window overlap that is required to 
produce correlative solutions between windows cannot be 
determined a priori. The finest possible overlap is
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Table I. Detectable horizons within the study area.
Horizon Affected Potential 
Field
Comments
Interbeds Within Both
Sedimentary Cover
Top of Salt Gravity
Base of Salt Gravity
Eagle Mills Red Beds Magnetics
Meso/Paleo Both
Unconformity
Hardrock Crystalline Both
Basement
Interlayers Within Both
Crystalline Crust
Moho Both
Curie Isotherm Magnetics
Gently Dipping Both
Fault Surfaces
Depends on contrasting 
sedimentary lithology
Most likely in basins
Most likely in basins
A weak source at best
Detectability depends on 
lithologic units above and 
below the unconformity
Detectability depends on 
lithology
Highly variable/ephemeral
Depends on model depths
May correspond to Moho or may 
be gradational and therefore 
may be unresolvable
Depends on geometry, throw 
and lithology differences 
across the vault
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achieved by moving the window one grid space along some 
predetermined profile. For the present study the basement 
variations along north-south profiles are likely to be the 
most interesting. Through trial and error it was eventually 
determined that sliding the window along a three-grid space 
interval would allow correlations between windows.
Comparing Figure 11, the locations of the window centers 
along the north-south pathways, and Figure 10, Louisiana's 
tectonic map, reveals that most of the inferred major 
elements of the basement structure are crossed by at least 
one pathway.
The modeling procedure provides estimates of the 
variance coefficients of each layer. The solution plots of 
each window are arranged in the proper spatial order and 
visually correlated. Within the bounds of the model 
assumptions, the variance picks plotted versus depth should 
locate contacts of substantial lithologic change.
To determine how well this correlation technique 
represents the subsurface, each solution along Pathway #7, 
Figure 11, was compared to the only published seismic 
refraction line that runs through the study area. The 
trace of the refraction line shot by Warren, et. a l ., (1966) 
and the window centers along Pathway #7 overlap quite 
closely. A correlation between the horizon depths 
identified by the refraction line and that produced by ISM 
technique provides a test of the approach. The horizons
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defined by seismic refraction are generated by significant 
differences in compressional wave velocity, while our 
horizons are produced by either magnetic susceptibility or 
density contrast. In theory, these differences are related 
and should all occur relatively close to one another. 
However, in practice, there may be a substantial difference 
in scale.
Figure 12 shows plots of the correlated magnetic 
spectral model solution from the 30-grid-window (144.4 x 
144.4 km) along Pathway #7. Plotted on the figure are the 
two significant velocity contrast horizons found by the 
refraction experiment. The correspondence between the 
horizon found by the refraction line and that produced by 
spectral modeling of the anomalous magnetic field is quite 
good. The correspondence produced by modeling the gravity 
spectrum is not as good. A similar plot, but using the 
20-grid-window (96.0 x 96.0 km), is shown in Figure 13.
The correspondence between the upper horizon found by the 
refraction and that produced by modeling the gravity has 
improved. This smaller window solution does not detect the 
deeper horizon. This is not surprising, as the smaller 
window cuts off the m o d e l ’s view of the lower frequencies, 
thus removing the contributions from the deeper layers.
The variability of the correspondence between the 
refraction-located horizons and the spectral models of each 
window is expected. Varying the window sizes changes the
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Figure 12. Correlated magnetic (A) and gravity (B) spectral model 
solutions from a 30-grid-window. The solid lines represent the major 
crustal horizons located by seismic refraction (Warrenr et. al . r 1966).
AFigure 13. Correlated magnetic (A) and gravity (B) spectral model 
solutions from a 20-grid-window. The solid lines represent the major 
crustal horizons by seismic refraction (Warren, et. a l . , 1966).
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areal extent of the anomalous field being modeled. Because 
the modeled, horizons are the ensemble averages of 
subsurface sources, any changes in the dimensions of the 
field being modeled alter the ensemble. The investigator 
must decide, based on independent information, if 
available, which window size, taper, and gridding interval 
are most suitable. For this study the 30-grid-window for 
modeling magnetics and the 20-grid-window for modeling 
gravity appear to best resolve the inferred basement 
horizons found by crustal seismic refraction. Each window 
size was used to model both fields. The results of each 
survey were correlated and interpreted. Warren, et. a l ., 
(1966) identified the shallow refraction horizon 
corresponding to the sedimentary "basement" and the deeper 
horizon as an intermediate crustal layer with seismic 
velocities typical of basalt. This study will attempt to 
extrapolate these horizons beneath Louisiana.
Results of Magnetic Modeling - 30-Grid-Window
Figures 14a, b are depth-to-magnetic-horizon maps 
produced by combining the results of the seven north-south 
sliding-window paths. These maps represent the 
extrapolated seismic refraction horizons of Warren, e t . a l . , 
(1966). Figure 14a corresponds to the "basement" and 
Figure 14b corresponds to the "intermediate crustal layer". 
Each solution along a given path was visually correlated
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Figure 14a. Depth to magnetic 
"basement" obtained by combining the 
results of modeling the seven north- 
south pathways using the 30-grid- 
window.
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with its neighbors. Each plotted value is the ensemble 
average-depth solution for the correlated horizon. The 
contour lines drawn on the figure are of an interpretive 
nature and are meant to demonstrate the correspondence 
between the tectonic map (Figure 10) and that produced by 
the ISM technique.
Cursory examination of Figure 14a reveals that the 
major sedimentary basins all correspond to depressions in 
the magnetic surface and the major basement highs all 
correspond to high spots on the magnetic surface. Also 
there is an inflection of the magnetic surface that appears 
to correspond with the mid-Cretaceous shoreline seen on 
Figure 10. Because each basement relief feature is 
generally crossed by only one window pathway, it is easiest 
to directly compare horizon depths along a given path. 
Figures 15a through 20a are the correlated solutions along 
each north-south window path. Each set of correlated 
solutions can then be viewed as a cross-section through the 
modeled magnetic horizons.
The most obvious feature of Pathway #1, Figure 15a, is 
the prominent horizon falloff. This feature has been 
identified as the Cretaceous shoreline. A corresponding 
feature observed on seismic sections has been labeled a 
tectonic hinge zone (Buffler, et. a l ., 1984). The base of 
the trough is unobservable due to the effects of the taper 
and the low-frequency cut off of the 30-grid-space window.
Figure 15a. Correlated, magnetic spectral model solutions along 
Pathway #1, 30-grid-window. Letters refer to geologic interpretations 
discussed in the text. (A) Magnetic "basement" horizon falloff 
(B) Trough (C) Sabine Uplift (D) Speculative igneous body
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Figure 15b. Correlated, gravity spectral model solutions along 
Pathway #1, 30-grid-window. Letters refer to geologic interpretations 
discussed in the text. (A) Gravity horizon line (B) Sabine Uplift 
(C) Igneous body ^
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Figure 16a. Correlated, magnetic spectral model solutions along 
Pathway #2, 30-grid-window. Letters refer to geologic interpretations 
discussed in the text. (A) Magnetic "basement" horizon falloff 
(B) Trough (C) Sabine Uplift
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Figure 16b. Correlated, gravity spectral model solutions along 
Pathway #2, 30-grid-window. Letters refer to geologic interpretations 
discussed in the text. (A) Double northward-dipping horizons 
(Solutions #11-17) (B) Cretaceous shoreline
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Figure 17a. Correlated, magnetic spectral model solutions along 
Pathway #3, 30-gr id-window. Letters refer to geologic interpretations 
discussed in the text. (A) Magnetic "basement" low spot corresponding 
to north Louisiana salt basin (B) Deep magnetic horizon rise 
(C) Trough
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Figure 17b. Correlated, gravity spectral model solutions along 
Pathway #3, 30-grid-window. Letters refer to geologic interpretations 
discussed in the text. (A) Cretaceous shoreline (Solution #12)
(B) North Louisiana salt basin, gravity horizon rise
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Figure 18a. Correlated, magnetic spectral model solutions along 
Pathway #4, 30-grid-window, letters refer to geologic interpretations 
discussed in the text. (A) Magnetic "basement" falloff (B) Wiggins 
Arch <C) Solution #12-14 (D) Triple solution
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Figure 18b. Correlated, gravity spectral model solutions along Pathway
#4, 30-grid-window. Letters refer to geologic interpretations
discussed in the text. (A) Cretaceous shoreline falloff and Solution 
#12 (B) North Louisiana salt basin, gravity horizon rise
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Figure 19a. Correlated, magnetic spectral model solutions along 
Pathway #5, 30-grid-window. Letters refer to geologic interpretations 
discussed in the text. (A) Wiggins Arch (B) Monroe Uplift 
(C) Mississippi salt basin and Solution #17
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Figure 19b. Correlated, gravity spectral model solutions along 
Pathway #5, 30-grid-window. Letters refer to geologic interpretations 
discussed in the text. (A) Wiggins Arch (B) Mississippi salt basin 
(C) Monroe Uplift
Figure 20a. Correlated, magnetic spectral model solutions along 
Pathway #6, 30-grid-window. Letters refer to geologic interpretations 
discussed in the text. (A) Wiggins Arch (B) Mississippi salt basin
(C) Pickens fault zone
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Figure 20b. Correlated, gravity spectral model solutions along 
Pathway #6, 30-grid-window. Letters refer to geologic interpretations 
discussed in the text. (A) Basin wall horizon split
Within the trough the effects on the observed spectrum of 
this deepening magnetic horizon diminish, allowing 
shallower, less prominent horizons to become visible. The 
flat, shallow horizon may correspond to a layer of 
volcano-clastic sediment possibly deposited during the 
Cretaceous period. Similar magnetic layers of weak 
susceptibility contrast and approximately Cretaceous in age 
were found by Klitgord and Behrendt (1979) off the 
Atlantic Coast. Finally, layers of Cretaceous-age volCt ic 
elastics are commonly encountered while drilling up dip in 
southwest Texas (Kaiser and Richmann, 1981). The 
intermediate horizon does not correspond to any known 
stratigraphic feature. However, it has been reported that 
there exists a relatively shallow, crystalline lithologic 
unit beneath the southeast Texas coast. This unit, which 
is just outside the western edge of the window, reportedly 
has oceanic crustal seismic refraction velocities (Ibrahim 
and Uchupi, 1982). This horizon may correspond to that 
unit. Unfortunately, the data in this area are of poor 
quality and had to be supplemented as described earlier, so 
further speculation based on this study is not possible.
The northern section of the Pathway #1, Figure 15a, is 
easily correlated. On Figure 15a the Sabine Uplift horizon 
is north of Solution #21. South of Solution #21 there is a 
shallow depression in the horizon that may correspond to a 
large areally extensive igneous body of Paleozoic age
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suggested by Buffler, e t . al., (1984). Perhaps the most 
prominent feature on the magnetic map along Pathway #1 is a 
strong sharp anomaly just south of the Sabine Uplift. This 
anomaly is only a few grid lengths in extent and as a 
result its contribution to the spectrum is confined to the 
highest frequencies. Buffler, et. al . , (1984) have 
inferred that the source of this anomaly is a single late 
Mesozoic volcanic intrusion. Although this item is a 
dominant feature on the anomaly map, it makes little 
contribution to the spectrum and therefore is unnoticed by 
the model.
Pathway #2, Figure 16a, is similar in many respects to 
Pathway #1, Figure 15a. The magnetic horizon dropoff, 
identified by the split solutions, the inferred shallow 
volcano-clastic layer, and the speculative oceanic crustal 
unit, can still be seen. The northern portions of the path 
cross no major basement relief so, as expected, the 
magnetic horizon appears relatively flat. The taper- 
dominated western edges of the windows pass over a portion 
of the Sabine Uplift. There appears a deep-seated horizon 
in the solutions of the affected windows. It is possible 
that this horizon is a taper-affected reaction of the model 
to the Sabine Uplift. It is also possible that this deeper 
horizon may correspond to the uplifted portion of a deeper 
magnetic horizon. This deeper horizon disappears into the 
depths affected by the taper west of Pathway #5, Figure 11,
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but it is not unreasonable to expect this horizon to 
reappear in areas of shallow or uplifted basement.
Pathway #3, Figure 17a, crosses the western edge of 
the north Louisiana salt basin. There is a broad low spot 
in the magnetic horizon located in the proper spot. South 
of the broad low there is a shallow rise, and beneath this 
rise the other major magnetic horizon is observed. South 
of this rise the magnetic horizon dropoff is observed. The 
relative positions of slight rise, the deeper major 
magnetic horizon, and magnetic "basement" horizon dropoff 
should be noted. It becomes difficult to differentiate 
between the two shallow horizons in the southernmost 
portion of the pathway. This suggests that the layer of 
the volcano-clastics is disappearing or has lost its 
magnetic character.
Pathway #4, Figure 18a, is the most difficult of the 
magnetic solution plots to correlate. The "basement" 
falloff is not as easily identifiable, but just north of 
the dropoff the major magnetic horizon shows a considerable 
rise that appears to correspond nicely with the western 
edge of the Wiggins Arch. Examination of pathways east of 
Pathway #4 confirms this correspondence. Solutions #12-14 
on this figure created a difficult situation which required 
the examination of the observed spectra superimposed on the 
modeled magnetization spectra before a correlation was 
made. It was determined that the shallow horizons may
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correspond to the inferred Cretaceous units of volcano- 
clastics. However, the southernmost shallow horizon is 
probably fictitious, i.e., an artifact of some bad data. 
This apparently illegitimate data created an unusual high- 
frequency elongate anomaly. Its unique shape and extreme 
magnitude in what is otherwise a magnetic quiet zone leads 
one to doubt its authenticity. An interesting and unique 
triple solution also occurs on this figure at Solution #26. 
This appears to represent two closely-spaced horizons or a 
very steep gradient in the magnetic surface.
Pathway #5, Figure 19a, crosses the Wiggins Arch, 
Monroe Uplift and the Mississippi salt basin. Rises in 
both major magnetic horizons and an intervening depression 
appear to correspond to these features. The fact that two 
horizons are clearly seen reflects the general shallowing 
of all the horizons. The base of the southern trough is 
visible, also suggesting a general shallowing of horizons. 
Unfortunately, the bad data in the southern windows along 
this pathway dominate those portions of the spectrum 
containing information on the southern parts of magnetic 
horizon associated with the "basement".
Pathway #6, Figure 20a, shows the same relief features 
as Pathway #5, Figure 19a, and also the general shallowing 
of the magnetic horizons. The effects of the bad data now 
contained in the taper dominated western edge of the 
windows are diminishing. The falloff of the Cretaceous
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shoreline is again visible in both horizons. Interestingly, 
a portion of the "basement" magnetic horizon becomes lost 
in the white-noise near Wiggins Arch. Also the northern­
most solutions display a complex splitting behavior where 
there is no substantial gradient, so another explanation is 
required. The Pickens Graben system is located within 
portions of the affected windows. It seems reasonable that 
a faulted horizon would also produce a split solution.
An important question to be addressed is the absolute 
depth of magnetic horizons just discussed. The shallow 
magnetic horizon has been demonstrated to correspond to the 
"basement" in west Mississippi. This appears to be the 
interface between crystalline and noncrystalline rock. 
However, over much of the study area this horizon is deeper 
by several kilometers than expected. This finding strongly 
suggests that a layer of Paleozoic metamorphic and/or 
sedimentary rock, with a small magnetic susceptibility 
resides between the "basement" and the Mesozoic and younger 
sedimentary cover. It is observed and not unreasonable to 
expect the generally shallower horizons on the eastern edge 
of the study to have the least thickness of Paleozoic rock, 
allowing a close correspondence between the refraction 
horizons and the magnetic horizons.
Results of Gravity Modeling - 30-Grid-Window
Figures 21a, b are the depth-to-gravity-horizon maps 
produced by combining the results of the seven north-south

LOUISIANA AND WEST MISSISSIPPI
B A S E M E N T  M A P
DERIVED BV 
SPECTRAL ANALYSIS OF THE 
ANOMALOUS BOUGUER GRAVITY FIELD 
USING A 30-GRID-WINDOtt (140 KM X 140 KM)
Ct ■ 2.0 KM 
DATUM: 0.129 KM AMSL
PROJECTION: POLYCONIC
0 100 
    ,
kilometers
AUTHOR: M. T. ANGELICH DATE: MAY 22, 1985
Figure 21a. Depth to gravity 
"basement" obtained by combining the 
results of modeling the seven north- 
south pathways using the 30-grid- 
window.
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Figure 21b. Depth to gravity 
intermediate crustal horizon obtained 
by combining the results of modeling 
the seven north-south pathways using 
the 30-gr id-window.
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30-grid-sliding-window paths. Figure 21a is the westward 
extrapolation of the horizon which, along Pathway #7, 
appears to correspond to the "basement" as defined by 
Warren, et. al . , (1966). Figure 21b is a collection of 
deeper horizons which may correspond to the intermediate 
crustal layer also defined by Warren, et. a l . , (1966). 
However, the sparse detection of the deeper horizon by the 
model makes the extrapolation of this horizon from Pathway 
#7 difficult. The most noticeable feature of Figure 21a is 
the apparent lack of correspondence with its magnetic 
equivalent, Figure 14a. Clearly, the magnetic "basement" 
and the gravity "basement" do not correspond exactly .
Figure 15b, Pathway #1, clearly demonstrates that the 
"basement" gravity horizon does not precisely co-vary with 
the "basement" magnetic horizon. The dramatic dropoff of 
the main horizon seen in the southernmost magnetic model 
solutions (Figure 15a) is not detected by the gravity 
model. Instead, a rise in the gravity horizon is noted. 
This is because the sources of each potential field are 
different. The overlying sedimentary pile, in general, 
makes no contribution to the anomalous magnetic field.
This is not the case for gravity because the overlying 
sediments do contribute to the anomalous gravity field.
The rapid dropoff of the sedimentary-crystalline horizon 
will cause shallow sedimentary features to dominate the 
anomalous gravity field and spectrum. As a result, lateral
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correlatability of a solution does not insure lithologic 
continuity. The rise over what we earlier described as a 
trough suggests that a horizon switch has taken place.
The source of this new horizon is problematic. It may 
be the abducted oceanic crust discussed earlier. Or it may 
actually now reflect the contact between Mesozoic and a 
very thick pile of Paleozoic rock. North of what we have 
previously identified as the Cretaceous shoreline, the 
character of the gravity horizon and the magnetic horizon 
are similar. However, the relief generated by the Sabine 
Uplift in the northern section of this gravity horizon is 
not as great as that seen in the magnetic horizon. This 
probably indicates that the density of the uplifted rock 
differs little from the surrounding country rock.
Pathway #2, Figure 16b, has a substantially different 
character than Pathway #1. Correlation between the north 
and south portions of this pathway is very difficult. 
Solutions #11-17 show two gravity horizons both dipping 
steeply to the north. It would appear that there exist two 
distinct horizons, one beneath the other. However, this 
observation may be misleading. It is possible that a less 
prominent horizon is becoming more visible as the spectrum- 
dominating contributions of the deeper horizon disappear 
into the taper affected depths. Unfortunately, there 
exists no comparable southward dipping surface. The normal
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appearance of the correlative solutions is present north of 
the Cretaceous shoreline.
Pathway #3, Figure 17b, has the same character as 
Pathway #2 in the southern sections. However, what is 
different is the appearance of a sharp rise in north 
Louisiana where a basin was expected. Clearly this feature 
is a horizon swap. The depth to this horizon within the
basin is not sufficient to reach Paleozoic or older
lithologies. The sedimentary section and probably the salt 
within the basin dominate the spectra of these solutions. 
The model probably finds ensemble average depth to salt as 
the gravity horizon.
Pathway #4, Figure 18b, has a character similar to
Pathway #3. There is a slight rise of the horizon when it
encounters the salt basin. However, correlation across the 
Cretaceous shoreline has improved substantially. Solution 
#12 on this pathway has two split solutions suggesting both 
horizons have large gradients. Examination of Solution #12 
and its neighbors suggest that Solution #12 is the site of 
a sharp horizon break. Interestingly, the location of this 
steep slope corresponds to a similarly complicated feature 
in the magnetic horizon (Figure 18a). South of Solution 
#12 there is a slight rise that appears to correspond to 
the Wiggins Arch. There is a new, deep-seated, 
taper-dominated troughlike horizon in the southernmost 
section. This feature is probably fictitious because
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it is confined to beneath windows supplemented by free air 
supplemented gravity data.
Pathway #5, Figure 19b, and all pathways further east 
correlate relatively well. The rise in the gravity horizon 
around Solution #12 on this pathway still appears to 
correspond to the Wiggins Arch-Cretaceous shoreline dropoff 
complex. There is a minor rise where a connection between 
the north Louisiana salt basin and the Mississippi salt 
basin might occur. It is also possible that this rise is 
related to the nearby LaSalle Arch. Perhaps most 
noticeable by its absence is the lack of a dramatic rise at 
the Monroe Uplift. A gravity model horizon switch between 
that generated within the sedimentary section and the 
uplift may account for the lack of a dramatic rise.
Overlaying the solutions of both fields along Pathway 
#5, Figures 19a, b from models of both fields reveals that 
over the Monroe Uplift the gravity "basement" and the 
magnetic horizon generated by the intermediate crustal 
layer correspond. This is a major horizon switch. A 
similar observation can also be made over the Wiggins Arch.
West of Pathway #5 only one horizon was clearly 
visible. To the east of Pathway #5 two horizons became 
visible. Superposition suggests that west of Pathway #5 
the intermediate crustal horizon deepened beneath the 
threshold of detectability.
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Pathway #6, Figure 20b, also crosses the Mississipi 
salt basin. The gravity horizon near the basin appears to 
be split into two correlatable horizons. It would appear 
as if the flanks of the salt basin walls have a very 
unusual shape. This behavior is also seen in Pathway #7, 
Figure 12b, where it also crosses the Mississippi salt 
basin. The cause of this unusual behavior is problematic. 
The ensemble nature of depth solution and the three- 
dimensional effects of the sedimentary section and the 
basin walls on the anomalous gravity field and spectra may 
be the cause. Except for this unusual feature, Pathway #5 
and #6 are similar.
The results of the gravity survey differ from those 
obtained by the magnetic survey in a fundamental way. We 
have demonstrated that the horizons modeled are not the 
same as those modeled by the magnetics. In basins the 
gravity horizon does not correspond to the magnetic 
"basement" horizon. In salt dominated areas the depth to 
gravity "basement" is slightly less than expected, again 
suggesting a thickness of nonmagnetic Paleozoic sedimentary 
rock. The locations where gravity and magnetics correspond 
best are over basement highs. However, at these locations 
the substantially shallower intermediate crustal layer 
appears to be the source for both horizons. The locations 
where gravity and magnetics correspond least is over salt 
basins, indicating a substantial thickness of Paleozoic 
rock.
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Overview - 20-Grid-Window
The previously described 30-grid survey appears to 
have located the major features of the heretofore 
unverified northern Gulf Coast tectonic map. However, the 
precision of the correlatable horizons found using the 
3 0-grid-window can be improved. The 30-grid-window covers 
an area of approximately 140 km squared. Because of the 
ensemble average nature of the solutions, it would be a 
good practice to remodel the data using a different window 
size. Since the main objective of this study was to locate 
the sedimentary "basement", it was decided to remodel the 
data using a smaller window. The effect of the smaller 
window is to cut off or filter out the low frequencies. 
Because the dominant source of the low frequencies is the 
deeper horizons, the smaller window size should cause the 
deeper horizons to go undetected. Another effect of the 
smaller window size is the reduction in the number of data 
that will be unbiased by the taper. The trade off, due to 
the reduction in the window size, is a more precise answer 
produced by a less accurate, more noisy spectrum. The 
20-grid-window survey was run along the same pathways as 
the 30-grid-window survey to facilitate comparison.
An overview of the 20-grid survey reveals that, as 
expected, the cutoff of the deep horizons does occur. 
However, the correlation of solutions interpreted to be 
the crystalline basement seems to have improved. The
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general relief features observed in the shallow horizons of 
the 30-grid-window are also located by the 20-grid-window. 
However, the numerical values returned by the model which 
represents the depth to the top of a given layer does not 
precisely correspond to those found using the 30-grid- 
window. This was expected because the number of sources in 
the ensemble being averaged over was reduced by using the 
smaller 20-grid-window. The discussions concerning the 
20-grid survey will focus on the interpretation differences 
caused by the reduction in window size.
Results of Magnetic Modeling - 20-Grid-Windows
Figures 22a, b are the depth-to-magnetic-horizon maps 
for 20-grid-sliding-window paths. The major difference 
between the models of the two window sizes along Pathway 
#1, Figure 23a, is the lack of a well-defined Cretaceous 
shoreline falloff and an almost total reversal in character 
of the horizons south of the dropoff. Correlation across 
the area of the Cretaceous shoreline has also become 
problematic. The very shallow horizon attributed to the 
volcano-clastics is now difficult to locate and is 
apparently lost in the enhanced white noise. The 
explanation for the radical change in character south of 
the Cretaceous shoreline is that the reduced window size 
increased the relative importance of the bogus data. 
However, the basement in north Louisiana shows, as 
expected, increased relief.
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modeling the seven north-south pathways 
using the 20-grid-window.
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combining the results of modeling the 
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Figure 23a. Correlated, magnetic spectral model solutions along 
Pathway #1, 20-grid-window. Letters refer to geologic interpretations 
discussed in the text. (A) Cretaceous shoreline falloff (B) Sabine 
Uplift showing a slight centered depression (C) Speculative igneous 
body
Figure 23b. Correlated, gravity spectral model solutions along9
Pathway #1, 20-grid-window. Letters refer to geologic interpretations
discussed in the text. (A) Cretaceous shoreline (B) Sabine Uplift 
(C) Unrealistically shallow-noise-dominated horizons
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The character of the solutions along Pathway #2,
Figure 24a, is not that much different from its 30-grid 
counterpart. The Cretaceous shoreline falloff is easily 
found, but the character of the correlated solution south 
of the dropoff appears dominated by an unrealistically 
shallow solution. Visual inspection of the spectra being 
modeled reveals that the white noise level in these spectra 
has become extreme. These southernmost solutions were 
deemed useless and subsequently ignored. The northern half 
of the pathway again shows increased relief. The western 
edge of the north Louisiana salt basin and the eastern edge 
of the Sabine Uplift can now be resolved.
Pathway #3, Figure 25a, can be characterized by 
erratic switching of horizons. It is apparent that the 
western edge of the Wiggins Arch is deeper than found by 
the 30-grid-window. This is an expected result, as the 
eastern extent of the window is now reduced, therefore 
covering only the deeper parts of the westward dipping 
feature. The north Louisiana salt basin is now more 
difficult to resolve clearly, because rapid horizon 
switching prevents one from positively identifying the 
edges of the basin. The correlated section south of the 
Cretaceous shoreline shows only the magnetic "basement" 
horizon. The intermediate crustal layer is not detected.
In Pathway #4, Figure 26a, 30-grid and 20-grid 
solutions appear remarkably similar. Improved
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Figure 24a. Correlated, magnetic spectral model solutions along 
Pathway #2, 20-grid-window. Letters refer to geologic interpretations 
discussed in the text. (A) Eastern edge of Sabine Uplift (B) Western 
edge of the north Louisiana salt basin
Figure 24b. Correlated, gravity spectral model solutions along
Pathway #2, 20-grid-window. Letters refer to geologic interpretations
discussed in the text. (A) Eastern edge of the Sabine Uplift
(B) Western edge of the north Louisiana salt basin (C) Uncorrelable ^
solutions °
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Figure 25a. Correlated, magnetic spectral model solutions along 
Pathway #3, 20-grid-window. Letters refer to geologic interpretations 
discussed in the text. (A) Deep seated Wiggins Arch (B) North 
Louisiana salt basin (C) Magnetic basement south of the 
Cretaceous shoreline
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Figure 25b. Correlated, gravity spectral model solutions along 
Pathway #3, 20-grid-window. Letters refer to geologic interpretations 
discussed in the text. (A) North Louisiana salt basin (B) Cretaceous ^
shoreline falloff m
Figure 26a. Correlated, magnetic spectral model solutions along 
Pathway #4, 20-grid-window. Letters refer to geologic interpretations 
discussed in the text. (A) Cretaceous intrusions
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Figure 26b. Correlated, gravity spectral model solutions along 
Pathway #4, 20-grid-window. Letters refer to geologic interpretations 
discussed in the text. (A) Cretaceous shoreline and Solution #9
(B) No deep northward-dipping horizon
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correspondence between the two windows is expected as, in 
general, the generating horizons are becoming shallower.
The effects of the multiple Cretaceous intrusives in 
southern Arkansas, Kidwell (1951), the probable cause of 
this unique triple solution, are now more apparent.
However, the reduced window size does not resolve the 
geometry of these structures.
Pathway #5, Figure 27a, and Pathway #6, Figure 28a, 
strongly correspond with their 30-grid counterparts. The 
Monroe Uplift, Wiggins Arch, and Mississippi salt basin are 
clearly seen. The salt basin appears slightly shallower, 
which is probably a function of the LaSalle Arch still 
contained within the reduced window.
Results of Gravity Modeling - 20-Grid-Window
Figures 29a, b are the gravity "basement" and 
intermediate crustal-horizons map produced by modeling the 
20-grid-window. The correlatability between gravity 
windows by reducing the window size seems to have improved. 
As before, each pathway shall be reviewed by comparing it 
to its 30-grid counterpart.
Pathway #1, Figure 23b, unlike its 30-grid 
counterpart, has a contribution from the dropoff at the 
Cretaceous shoreline. The Sabine Uplift now appears to 
contain two modelable horizons. The shallowest horizon,
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Figure 27a. Correlated, magnetic spectral model solutions along 
Pathway #5, 20-grid-window. Letters refer to geologic interpretations 
discussed in the text. (A) Monroe Uplift (B) Wiggins Arch
(C) Mississippi salt basin
Figure 27b. Correlated, gravity spectral model solutions along
Pathway #5, 20-grid-window. Letters refer to geologic interpretations 
discussed in the text. (A) Cretaceous shoreline falloff (B) Monroe 
Uplift (C) North Louisiana salt basin (D) Monroe Uplift
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Figure 28a. Correlated, magnetic spectral model solutions along 
Pathway #6, 20-grid-window. Correspondence between the 30-grid-window 
model and the 20-grid-window model is excellent.
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Figure 28b. Correlated, gravity spectral model solutions along 
Pathway #6, 20-grid-window. Letters refer to geologic interpretations 
discussed in the text. (A) Bifurcated Wiggins Arch (B) Depression 
between arm of the Wiggins Arch (C) Mississippi salt basin
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Figure 29a. Depth to gravity 
"basement" obtained by combining the 
results of modeling the seven north- 
south pathways using the 20-grid- 
window.
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Figure 29b. Depth to gravity 
intermediate crustal horizon obtained 
by combining the results of modeling 
the seven north-south pathways using 
the 20-grid-window.
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which was not visible in the 30-grid-window, appears to 
correspond nicely with the depth to basement stated on the 
Tectonic Map of North America (King, 1969). The enhanced 
importance of the higher frequencies caused by using the 
20-grid-window allowed the ISM technique to model this 
shallow horizon's sources.
Pathway #2, Figure 24b, shows the eastern edge of the 
Sabine Uplift and a depression just south which may 
correspond to the western edge of the north Louisiana salt 
basin. It is still not possible to correlate across the 
Cretaceous shoreline. Like the 3 0-grid-window solutions, 
the troublesome, disconnected, northward-dipping horizons can 
still be seen.
Pathway #3, Figure 25b, contains the biggest surprise 
among all the reduced window solutions. As expected, near the 
Lousiana salt basin a switch to a shallower horizon occurs. 
However, there exist a set of taper-affected solutions 
which form a depression at the appropriate place. These 
horizons were not found by the 30-grid-window and therefore 
it can only be concluded that the reduced window size 
excluded a strong shallow source from the part of the 
ensemble. The pathway south of the dropoff corresponds to 
its 30-grid counterpart very well.
Pathway #4, Figure 26b, because of its reduced window 
size, crosses no large relief changes except the Cretaceous 
shoreline. The southern sections do not contain the deep
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northward-dipping horizon due to the low-frequency cut off 
caused by reduced window size. Interestingly, it is 
Solution #9 of this pathway that provides the indication of 
horizon termination. It is possible to correlate the 
solutions on this pathway by proceeding southward along the 
main basement horizon at around 14 km. However, 
correlations northward to Solution #9 indicte two horizons, 
one at 5 km, and the other at 25 km. All of these horizons 
terminate at Solution #9. This does not allow continuous 
correlation without infering a major basement fault. Since 
this behavior does not show up using the 3 0-grid-window, we 
must conclude that this is a local phenomenon of limited 
areal extent.
Pathway #5, Figure 27b, and Pathway #6, Figure 28b, 
demonstrate that a reduced window size enhances resolution. 
The Cretaceous shoreline falloff, the Wiggins Arch, the 
Mississippi salt basin, and the Monroe Uplift are all 
easily located.
The depression between the Wiggins Arch and the minor 
arch immediately south, which was averaged over by the 
30-grid-window, is resolved by the smaller window. The 
unusual horizons on either side of the Mississippi salt 
basin are now gone, suggesting that these horizons may be 
artifacts of the three-dimensional shape of the basin which 
were not passed over by the smaller window. It is also 
possible that the reduced window size eliminated the
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dominant frequencies from these sources and, as a result, 
real but deeper horizons went unnoticed. The resolution of 
this dilemma is not possible without a more detailed 
geopotential survey.
Geologic Interpretations Summary
In the previous sections of geologic interpretations 
the wider implications of cross correlation between fields 
and cross correlations between pathways were not 
emphasized. There is a substantial distance between 
pathways (approx. 150 k m ) - but neighboring windows do 
overlap. Therefore, it is possible to make interpretations 
of entire maps without bearing the expense of additional 
computer time to generate east-west pathways.
Perhaps what is most apparent is the general westward 
deepening of the basin within the study area. This 
observation is not new but is now independently confirmed. 
It has been suggested that an extension of the Reelfoot 
Rift exists hidden beneath a seaward deepening pile of 
sedimentary rock (Ervin and McGinnis, 1975). While it is 
not possible to resolve structures typical of such a rift 
(Horst and Graben etc.) it is suggested by the different 
horizons picked from the gravity and magnetics models that 
there exists a substantial thickness of nonmagnetic 
Paleozoic, probably metamorphic, rock beneath the Mesozoic 
sedimentary cover. These thick Paleozoic units suggest 
that this portion of the North American continent was a
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basin prior to the rifting event that reopened the present- 
day Gulf of Mexico. This is the first study in the 
northern Gulf to turn up evidence for such a thick 
Paleozoic section.
Every modeling technique is limited by its sensitivity 
and resolution capabilities. Figures 2 and 3 can be used 
to generalize about the sensitivity of this technique. It 
is clear from the exponential behavior of the minimum- 
variance coefficient that a deep horizon requires a 
substantially larger source contrast than a shallow 
horizon. This is especially true in the higher-frequency 
ranges. It was observed that when the window size was 
reduced, deep, previously-located horizons disappeared. 
Since the smaller window causes the model to examine only 
the higher frequencies, it is apparent that these deeper 
horizons have an insufficient source contrast to generate a 
detectable signal at these higher frequencies.
A similar logic can now be applied to explain why the 
Moho is not observed by either the 30-grid or 20-grid- 
window. The Moho, due to its rather large estimated depth, 
would dominate frequencies much lower than those passed by 
either window. Its contribution to the higher-frequency 
content apparently lacks sufficient power to overwhelm 
nearby sources. It is not possible to quantify this 
observation because interference between anomalies obscures 
the contributions from the bottom of a given source.
VII. CONCLUSIONS
In this study a new inverse spectral modeling (ISM) 
procedure for analyzing two-dimensional geopotential field 
data was described. This new approach automates and 
applies the least-squares statistical rigor to the 
procedure used to model a geopotential power spectrum. 
Numerous power spectra produced by Fourier transforming 
many overlapping windows of the anomalous Bouguer gravity 
or Total-Intensively aeromagnetic data can now be rapidly 
modeled. The automated modeling procedure uses the 
non-negative least-squares algorithm of Lawson and Hanson 
(1974) to fit a two-dimensional version of the spectral 
model of Blakely and Hassanzadeh (1981). This approach 
yields a rough but rapid estimate of the average depth to 
an ensemble of sources that produces the anomalous field 
contained within the window. Tedium and possible bias in 
the results caused by subjective fitting of individual 
spectra are eliminated.
Subjective geologic interpretation of the ISM source 
depth estimate can also be enhanced by the new approach.
The interpretation is aided because the automated procedure 
allows numerous windows to be rapidly analyzed. The depth 
solutions from overlapping windows are then visually 
correlated. The correlatable horizons are then compared to 
known geologic horizons and used to extrapolate these known 
horizons throughout the study area.
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The usefulness of this ISM approach was demonstrated 
by comparing this study's results with the previously 
inferred gross basement structure of the northern Gulf 
Coast. The inferred basement structure appears to 
correspond well with that derived by a synthesis of 
hydrocarbon studies compiled by Anderson (1980). Also the 
close correspondence of the estimated source depth with the 
horizons inferred from the Mississippi seismic refraction 
line of Warren, et. a l . , (1966) strongly supports the value 
of the new method. The difference in the depth estimates 
of the magnetic and gravity "basement" horizon suggests 
that there exists a substantial thickness of nonmagnetic, 
probably Paleozoic, rock lying above the magnetic basement.
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